Spinal cord injury results in the loss of neurons and axonal connections. In mammals, including humans, this loss is permanent, but is repaired in other vertebrates, such as salamanders and fishes. Cells in the ependymal niche play a pivotal role for the outcome after injury. These cells initiate proliferation and generate new neurons of different types in regenerating species, but only glial cells, contributing to the glial scar, in mammals. Here we compare the cellular and molecular properties of ependymal zone cells and their environment across vertebrate classes. We point out communalities and differences between vertebrates capable of neuronal regeneration and those that are not. Comparisons like these may ultimately lead to the identification of factors that tip the balance for ependymal zone cells in mammals to produce appropriate neural cells for endogenous repair after spinal cord injury.
Introduction
After spinal injury or in neurodegenerative diseases, lost neurons are not replaced in mammals, including humans. In anamniotes, particularly fishes and salamanders, this is not the case. These species readily regenerate neurons (Grandel and Brand, 2013; Becker and Becker, 2015; Alunni and Bally-Cuif, 2016; Cardozo et al., 2017; Tazaki et al., 2017) . Newly generated neurons may replace those that are lost after an injury. This is significant, because secondary neuron loss after spinal injury can be quite extensive in mammals (Park et al., 2004) . Moreover, in anamniotes, new neurons can contribute to an axonal bridge that reconnects the spinal cord, potentially acting as relay neurons for the injured spinal cord (Goldshmit et al., 2012) . In mammals, embryonic or induced neural progenitor cells transplanted into the lesioned spinal cord can generate relay neurons. This leads to promising axon growth from these cells and some functional recovery (Lu et al., 2012 (Lu et al., , 2014 . However, network integration of these cells is limited and immune reactions to transplants, as well as tumour formation by transplanted cells present additional problems to overcome (Sharp et al., 2014) . Therefore, finding and reprogramming endogenous spinal stem cells for neurogenesis could be of great benefit to repairing spinal cord lesions. Endogenous spinal stem cells exist in the adult mammalian spinal cord around the central canal (Weiss et al., 1996) . These cells start to proliferate after a lesion, but in situ environmental factors prevent them from generating neurons and oligodendrogliogenesis is rare. Instead, these cells generate mainly astrocytes that contribute to a scar in the lesion site that prevents axons from crossing (Stenudd et al., 2015) . In anamniotes, progenitor cells are likewise located at the central canal, proliferate after a lesion, express similar genes as in mammals, but contribute to a very different regenerative outcome, namely neurogenesis and functional spinal cord repair (Becker and Becker, 2015) . For these reasons, it is worthwhile to undertake a comparative description of the importance of cells in the ependymal zone between regenerating and non-regenerating vertebrate species. However, other cell types in the parenchyma, such as oligodendrocyte progenitor cells and astrocytes that react to a lesion with proliferation may also have stem cell potential, which is reviewed elsewhere (Almad et al., 2011; Dimou and Gotz, 2014; Gotz et al., 2015; Magnusson and Frisen, 2016) .
Here we discuss mainly the zebrafish as a regenerating species, and compare it to different mammalian species, namely rodents, monkeys, and humans. We present evidence that ventricular cells across vertebrates are a major source of new cells after injury and we describe some 
